A growing database of literature is geared towards the analysis and evaluation of Industry 4.0. One of the points of interest is the assessment of Industry 4.0 in the context of sustainability and sustainable development. However, there seems to be a gap in the literature focusing on transitions to more sustainable states that are evidently fostered by socio-technical [system] transitions, sometimes referred to as 'sustainability transitions'. This presents the need to evaluate the interfacial layers of these disciplines, given the larger challenge of sustainability and Industry 4.0's potential to support complex problem-solving. This paper presents a bibliometric analysis of the literature that jointly considers the concepts of sustainability, sustainable development, and sociotechnical systems, and the transitions thereof with Industry 4.0.
INTRODUCTION
The modern world is rapidly advancing technologically, socially, and economically. Consequently, the concept of sustainability is increasingly prominent and necessary. Today, sustainability is broadly applied to multiple fields in an effort to ensure equitable economic growth, environmental conservation, and social prosperity for all. The term 'sustainable development' (SD) encompasses three distinct criteria -environment, economy, and society -that are the focus of sustainability [1] . The concepts of 'socio-technical systems' and 'socio-technical transitions' are strongly related to the concepts of 'sustainability' and 'sustainable development'. Socio-technical systems (STSs), as described by Sorrel [2] , are the "dominant technologies, infrastructures, industries, supply chains and organisations responsible for delivering a societal function". This inevitably implies that these systems integrate the human, social, and technical factors in systems, structures, and organisational designs [3] .
Incremental and aggregated socio-economic and ecological needs inherently influence the makeup of socio-technical systems. These include the external landscape needs within which these systems exist, the impact of new innovations and technologies, and emerging sustainability issues [2] . Given the various needs within socio-technical systems, transitions commonly referred to as 'sociotechnical transitions' (STTs) are the sustainable progression. STTs are large-scale transformations of (unsustainable) socio-technical systems and involve long-term processes and shifts to 'newer' sustainable socio-technical configurations. Transition studies assume that transition processes towards sustainable socio-technical systems inevitably result in sustainable futures. In this context, STTs are sometimes interchangeably referred to as 'sustainability transitions' (ST) [2] , [4] .
The Fourth Industrial Revolution (also known as 'Industry 4.0') is bringing about major shifts in the global landscape. This revolution seeks to connect resources, services, products, and human beings in real time through digitalisation and digitisation [5] . Thus it is predicted that there will be major impacts on sustainability and on its transitions as result of the shift towards the application of technologies and concepts in this paradigm [4] .
Different examples in the literature highlight a variety of perspectives and links between sustainability or sustainable development and Industry 4.0. For example, these include views of Industry 4.0 as a driver of sustainability, and thus sustainability as an incentive for its expansive implementation [5] , [6] , [7] , [8] , [9] ; links between Industry 4.0 and sustainability in the context of the social, economic, and ecological dimensions of sustainability [5] , [10] , [11] . In relation to industry, several studies relate Industry 4.0 to the sustainability of processes, technologies, and whole industries [12] , [11] , [13] - [16] . Although there is a growing database of literature examining the impacts of Industry 4.0 on sustainability and sustainable development, and vice versa, the question that arises is about the extent to which the transitions towards sustainable states have been considered and examined in the literature in regard to Industry 4.0.
With a growing societal awareness of technological effects, increasing ecological and resource depletion, and an increasing industrial drive towards profitability, there is strong practical and theoretical relevance in the study of the interconnectedness of people, technologies, and resources [8] , [17] , [18] . Despite the growing anticipation for the predicted benefits of Industry 4.0, there is considerable uncertainty among various practitioners about the implications of the shift [18] . It is essential for the various domains that apply Industry 4.0 technologies to understand the underlying dynamics of interconnectedness. STSs inherently incorporate, structure, and provide a platform to explore and understand these dynamics [2] . Therefore, an examination of such dynamics and of the shift towards more sustainable states is imperative in laying the groundwork for efforts to meet sustainability and sustainable development goals. As such, research that focuses on analysing the extent to which concepts are jointly considered plays an important role in contributing to the qualitative analysis by demystifying the links between the concepts with the ultimate aim of identifying opportunities and laying the groundwork for further research.
This paper aims to examine the extent to which concepts of Industry 4.0, sustainability, and sociotechnical systems have been jointly considered in the literature. The paper specifically analyses the literature on sustainability transitions (or socio-technical transitions). It seeks, therefore, to answer the following questions: This study aims to highlight opportunities for future research within the space of socio-technical transitions or sustainability transitions, given the advent of Industry 4.0. The paper is structured as a bibliometric analysis that presents the literature obtained, with key highlights and findings. Section 1 is the introduction of the paper, while Section 2 presents the methodology. In Section 3 results are presented, as well as inferences made. Thereafter, observed gaps and implications for possible future research are discussed in Section 4.
APPROACH/METHODOLOGY
For the purposes of this study, the literature pertaining to the concepts of sustainability and sustainable development, socio-technical systems and transitions, sustainability transitions and Industry 4.0 was collected using SCOPUS. Search terms, where applicable, included known variations of the term to ensure a comprehensive search. Table 1 below shows the different search variations of the terms employed. Searches were done using combinations of sustainability and socio-technical terms with Industry 4.0. This yielded five search categories that were each given a label, as shown in Table 2 below: 
RESULTS
The results obtained from the SCOPUS search are detailed in this section. For a comprehensive analysis, no exclusion or inclusion criteria were used in the initial search in order to have as much literature as possible. Section 3.1 below presents the overall search results and their analysis and inferences. Then section 3.2 focuses on the literature in the socio-technical or sustainability transitions/transformations category along with the Industry 4.0 category. Table 3 below displays the search algorithms and the resulting document numbers from the prescribed search categories. As expected, the body of knowledge on sustainability and sustainable development in the context of Industry 4.0 is wider than in the specific categories of socio-technical systems and transitions or transformations. A closer look at the documents obtained showed that those obtained in the search categories of STT_I4.0 and ST_I4.0 were aggregately returned in the category STT_ST_I4.0, with the exception of one unidentified document. Subsequently, the author analysed only the documents obtained in the search categories S_SD_I4.0, STS_I4.0, and STT_ST_I4.0.
Overall search results
The next subsections present an overview of a comparative analysis of timelines, subject areas, and regions of publication origin between these search categories, highlighting key findings. Figure 1 below shows a comparison of the publication years. It is evident that the literature's consideration of Industry 4.0 in sustainability, STS, and ST/STT is fairly novel. The first document was published during the 21 st century, and all output to date has a five-year timespan. This is understandable, since a quick search on Scopus shows that the concept of Industry 4.0 and its term variations, although first considered in 1985 and later in 2006, has only been consistently considered in the literature output since 2011. Furthermore, as shown in the graph, the number of the documents can be expected to increase continuously. For example; by mid-2019, just over half the number of documents released in 2018 have already been published in the sustainability and sustainable development category. There is clearly a gap in the socio-technical systems and transitions literature, as both have more than three times fewer publications. Interestingly, the transitions literature appears to be increasing more than that on parent socio-technical systems; but this may be assumed to be a result of the modern push towards sustainability. 
Timeline of publications

Subject areas of study
The most common subject areas in the search categories are shown in Figure 2 below. The most common subject area overlapping all categories is engineering. The STS literature, however, has a higher output in computer science than in the sustainability/sustainable development and transitions literature. It is also noticeable that most of the literature is within the science field, with considerably less in commerce and the humanities. This may highlight a technical focus in the literature, which, although pertinent, may be well balanced by the incorporation of economic and social perspectives into the concepts. 
Area of original publication
Most of the literature found in the search categories has its origins in Europe, which has a considerably higher output than any other continent/region. This may be influenced by the output on Industry 4.0, which, from a Scopus search, is mostly from Europe -specifically, from Germany. Germany also has the highest output by country across all search categories. Nonetheless, as can be seen in Figure 3 below, there is a clear gap in the research output from other world regions, especially from Africa, the Middle East, and Oceania (Australia).
Figure 3: Documents' regions of origin
The highlights from the subsection above show that the research categories are fairly novel, have a higher traction in the science fields, and lack a comprehensive coverage in global research. The next sub-section covers the specific category of sustainability/socio-technical transitions for further insights.
Transitions-specific descriptive analytics
As mentioned previously, this article aims to assess the literature in the intersection between sustainability or sustainable development, socio-technical systems, and Industry 4.0 through the transitions domain. This section highlights key findings in the bibliometric analysis of the literature found in the STT_ST_I4.0 search category for impact, prominence, and opportunities for future research. Table 4 below shows the most cited documents in the search category, which, in this case, was all documents with at least one citation. The field-weighted citation metrics are also displayed. Given the timeline and the rate of literature output, it is understandable that the citation counts are still low. However, as can be seen, with the exception of three documents, most of them have been cited more than might be expected when compared with the global average. This shows a positive impact of the output. Furthermore, it is seen that the conference papers have had more impact than the journal articles. The documents with field-weighted citation counts higher than 10 are conference papers published in Procedia Manufacturing. This may be presumed to be linked to a combination of the widespread interest in Industry 4.0 application in manufacturing (as shown in various examples of the literature [8] , [15] , [19] , [20] , [21] ) and the Procedia Manufacturing journal's relative prominence. Unfortunately, at this stage it is difficult to tell whether there are any strong correlations between document type, journal prominence, topic interests, and document impact, due to the short time span. This is exemplified, for example, in the worst-performing field-weighted citation count documents, as they include a conference paper presented at the International Conference on Sustainable Smart Manufacturing 2016 (which would presumably have a manufacturing focus in the context of Industry 4.0) and a review published in Sustainability (Switzerland), which is the most prominent journal in this category based on the citations shown in Table 5 . Table 5 below displays the most prominent journals in this search, which in this case was taken as the journals with at least one citation. The most prominent journals in this search category, as shown below, are Sustainability (Switzerland) and Procedia Manufacturing, publishing five and four documents respectively and having at least 20 citations for all documents. Process Safety and Environmental Protection, however, may be regarded as having more impact on an average citation per document calculation. A further analysis comparing the above journals against the top journals in the subject fields in the search category on Scopus revealed that none of the journals listed in Table 5 ranks in the top 10 per cent or the first quartile. However, given the novelty of the research based on timelines, there is still the potential for journals and published documents to establish their prominence as the concepts progressively gain relevance.
Citation and H-index analysis
Journal comparisons
Keyword analysis and emerging links
To measure the co-occurrence of keywords and to determine emerging links, VOSviewer software was used. The relevant information on its use may be found in documents by Van Eck [40] , [41] and the University of Rotterdam [42] This network shows all author and index keyword co-occurrence links from the literature found. For a more comprehensive picture, a minimum word occurrence of 2 was chosen, as well as a minimum link strength of 1, which means that each keyword should have been linked with another at least once. Fifty-four keywords met the threshold, and thus are displayed in Figure 4 below. As can be seen, the network diagram created in VOSviewer colourclusters keywords according to the software's algorithm [40] , [41] . Seven clusters were identified as categorising keywords, in red, green, darker blue, yellow, purple, lighter blue, and orange. Cluster descriptions are not offered by VOSviewer software, and an attempt to form descriptions for the classification by analysing cluster keyword source documents for similarities proved futile. This was because the scope of the data was limited; and, given that an algorithm runs the classification, a larger number of keywords would produce coherent cluster description results.
Nonetheless, a few noteworthy keyword categorisations were discovered, and are presented below: , and automation. These especially have links in the production and manufacturing applications; 4. Other disciplines and related techniques include simulation and optimisation, systems engineering, information systems, and economics; and 5. The literature output highlighted in the networks includes literature reviews, conceptual frameworks, and maturity models.
This scope shows the variety of areas within which the integrations of sustainability and sociotechnical transitions/transformations are being considered and/or applied.
Figure 4: Keyword networks (created with VOSviewer) (see online version for colour)
CONCLUSION AND OPPORTUNITIES FOR FUTURE/FURTHER RESEARCH
The overall conclusion from this analysis is that there is a clear gap and opportunity for research that jointly considers and analyses the fields of sustainability or socio-technical transitions and Industry 4.0. The short timeline renders the field fairly novel. A lack of comprehensive coverage in the literature of regions of the world outside of Europe leaves significant opportunity for research outside that region to assess what these concepts are within their contexts, and the implications thereof. Such approaches would yield valuable additions to the body of knowledge. Furthermore, subject areas and key words show that there is great potential in overlaps within research that solely investigates the concepts of sustainability, socio-technical systems, and Industry 4.0, as they are inter-connected. Finally, as the research on these concepts gains relevance, it can be expected that future authors and publishing journals will gain prominence in the field, which is growing.
In conclusion, this paper highlights the need for contributions to the body of knowledge on sustainability or socio-technical transitions. These findings support the further content analysis and synthesis of the existing literature to identify specific gaps and needs within the field to ensure meaningful and applicable research output.
